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After our publications covering the 8988252 Flash Micro Board 
(December 2001) and the PICee Development System (February 2002) 
it’s high time to devote some attention to the AT90S23 13 microcontroller. 
As with the other two designs we describe a powerful single-board 
computer that’s not just excellent for educational purposes but also for 
general use by microcontroller enthusiasts. 


The development system described 
in this article is the spitting image of 
the PICee board you may have seen 
in the February 2002 magazine. This 
is not surprising, for two reasons. 
Firstly, the AT90S2313 resembles the 
PIC16F84 in that it has two supply 
connections, a reset pin, two con- 
nections for the oscillator circuit and 
a number of port pins that allow the 
NS micro to be linked to external hard- 
 wuuuveuvuusececooiivvve un ware. Just like its predecessor, the 
present development system fea- 
tures a number of LEDs for easy 
visualisation of port pin logic states 
during software development, a 
number of pushbuttons, one connec- 
tor for the link to a standard 
alphanumerical LC display module 
and another for external hardware. 
Also, the AVRee Development Sys- 
tem is yet another design submitted 
to us by students at the Ludwig 
Geissler School of Hanau, Germany, 
so it’s less than surprising to see a 
great deal of similarity with the 
(hugely successful) PICee board. 
The AT9082313 is a member of 
the renowned ‘AVR’ microcontroller 
family produced by Atmel. The most 
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Figure |. The general structure of the circuit bea 


salient data of this chip are given in 
an inset. Just like all other modern 
microcontrollers the devices in the 
AVR series sport an internal Flash 
program memory which means 
goodbye to the cumbersome and 
tedious process of programming 
(internal) EPROM using a special 
programmer and subsequent erasing 
in a separate EPROM eraser unit. 
From now on, some simple add-on 
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hardware on the development sys- 
tem and a serial link with the PC 
running free software are the ingre- 
dients for quick and easy software 
development and testing. 


Hardware 


The circuit diagram of the develop- 
ment system is shown in Figure 1. 
The board may be powered from a 
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rs great resemblance to that of our successful PICee system. 


dead standard mains adapter (a.k.a. battery 
eliminator) capable of supplying a direct volt- 
age of between 9 V and 15 V. The current 
requirement on the adapter will largely 
depend on the hardware connected to the cir- 
cuit. Normally, a 500-mA adapter will be more 
than sufficient. It should be noted, however, 
that any backlight lamp(s), especially in older 
LCD modules, may draw currents of several 
hundred milliamps. To make sure the voltage 
regular does not become overheated during 
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AT90$2313 Features 


e Utilizes the AVR® RISC Architecture 
e AVR — High-performance and Low-power RISC Architecture 
— 118 Powerful Instructions — Most Single Clock Cycle Execution 
— 32 x 8 General Purpose Working Registers 
— Up to 10 MIPS Throughput at 10 MHz 
e Data and Non-volatile Program Memory 
— 2K Bytes of In-System Programmable Flash 
Endurance |,000 Write/Erase Cycles 
— 128 Bytes of SRAM 
— 128 Bytes of In-System Programmable EEPROM 
Endurance: 100,000 Write/Erase Cycles 
— Programming Lock for Flash Program and EEPROM Data Security 
Peripheral Features 
— One 8-bit Timer/Counter with Separate Prescaler 
— One 16-bit Timer/Counter with Separate Prescaler, Compare, 
Capture Modes and 8-, 9-, or 10-bit PWM 
— On-chip Analog Comparator 
— Programmable Watchdog Timer with On-chip Oscillator 
— SPI Serial Interface for In-System Programming 
— Full Duplex UART 


e Special Microcontroller Features — Low-power Idle and Power-down Modes 


— External and Internal Interrupt Sources 
— Low-power, High-speed CMOS Process Technology 


e Specifications 
— Fully Static Operation 
e Power Consumption at 4 MHz, 3V, 25°C — Active: 2.8 mA 
— Idle Mode: 0.8 mA 
— Power-down Mode: < | UA 
— 15 Programmable I/O Lines 
— 20-pin PDIP and SOIC 
— 2.7 - 6.0V (AT90S23 | 3-4) 
— 4.0 - 6.0V (AT90S23 | 3-10) 
— 0 - 4 MHz (AT90823 13-4) 
— 0 - 10 MHz (AT90S823 13-10) 


e I/O and Packages 
e Operating Voltages 


e Speed Grades 
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regular use of the system, the circuit 
board allows for a standard U-shaped 
heatsink (e.g., Fischer type ICK35) to 
be fitted. As is customary, the circuit 
includes a power diode, D1, for pro- 
tection against damage caused by 
accidental supply voltage reversal. 
LED D6 lights when the circuit 
receives the proper supply voltage. 

A quad tristate buffer, IC4, allows 
the on-board microcontroller to be 
programmed. The buffer effectively 
copies signals from the PC’s serial 
port to the microcontroller. By way of 
three port pins (MOSI, MISO and 
SCK) and the microcontroller reset 
circuit (IC2), the programmer soft- 
ware that runs on the PC is capable 
of erasing, reading and program- 
ming the Flash memory inside the 
AT9082313. This is possible provided 
switch S1 is closed so that the rele- 
vant signals are actually passed. If 
the switch is open, the buffer out- 
puts are at high-impedance, causing 
the programmer interface to be ‘dis- 
connected’ from the rest of the cir- 
cuit. Resistor R7 prevents the output 
of buffer IC4a being short-circuited 
when the interface is switched on 
and reset switch S3 is accidentally 
pressed. A similar short-circuit pro- 
tection is implemented on IC4d and 
IC4c by resistors R30 and R31. 

Note that the AVR controller does 
not require a separate programming 
voltage. You may recall that the 
PICee board had a dedicated step- 
up converter circuit for the 13.5 V 
programming voltage. By contrast, 
the AVR is happy with just 5 V for 
erasing and programming. 

Regarding the reset circuit, dyed- 
in-the-wool microcontroller fans will 
not have failed to notice that there is 
no external power-on reset circuit on 
the reset pin of the AT90S2313. The 
usual R-C combination, so familiar 
from other controllers, is not neces- 
sary here. The reset circuit inside the 
AT90S2313 has a pull-up resistor, 
while on-chip circuitry looks after 
the power-on reset. In normal use, 
this pin may be left unconnected. 

Pushbutton S3 has been added to 
enable users to manually reset the 
microcontroller. 

Looking at the oscillator circuit, 
switch 52 enables you to choose 
between a continuously adjustable R- 
C oscillator (IC3c, R6, P1 and C3) and 
a standard quartz crystal oscillator of 
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the ‘Pierce’ variety consisting of X1, 
C4 and C5. It is also possible to apply 
an external clock signal to the micro- 
controller by omitting the last three 
components and connecting a signal 
via XT1 on connector K2. Note, how- 
ever, that this requires S1 to be set to 
the ‘XT’ position. IC3 (pin 4 is the 
oscillator output) may not be omitted 
just like that because IC3a forms part 
of the programmer interface. 

Connector K4 provides the gate- 
way to an (optional) standard 
alphanumerical LCD module. Preset 
P2 is for the LCD contrast adjust- 
ment. The module may only be dri- 
ven if switch S9 is closed. If not, the 
LCD’s enable signal is held low by 
R11, whereby communication is of 
course prevented. Also note that it is 
not possible to read back data from 
the display because R/W at pin 5 of 
K4 is tied to ground which rules out 
data being sent by the display 

If the display is being driven by a 
program, the software has to allow 
enough time for the LCD to process 
its data. After all, it is not possible to 
read the status of the module using 
the BUSY line. 

The LCD backlight, if used, may 
be powered via pins 15 and 16 of 
connector K4. The requisite current 
limiting is afforded by R4, while 
switch S4 allows the backlight to be 
switched on and off. 
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An array of 15 LEDs (D7-D21) is 
available to signal the logic state of 
the same number of AT90S2313 port 
pins as you develop and debug your 
software for the board. If desired, the 
LEDs may be disconnected from the 
controller using switch S8. 

The development system also has 
three pushbuttons (S5, S6, S7) that 
may be used for any purpose requir- 
ing manual control in your programs, 
but only if S10 is closed. 

Controller port line PD1 goes logic 
High if S6 is pressed, PDO if S7 is 
pressed, while both lines are pulled 
High if S5 is closed. In this situation, 
resistors R13 and R14 act as pull- 
downs on PDO and PD1. 

Finally, there’s DIN41612-style 
connector K2 for easy connection of 
external circuitry to the development 
system. This connecter carries all 
microcontroller signals and supply 
rails, allowing you to connect your 
own hardware extensions to the 
board. For example, using an adapter 
installed on K2, it becomes possible 
to program other controllers from the 
AVR-RISC series. Obviously, the con- 
troller on the AVRee board has to be 
removed in that case. 


Printed circuit board 


The PCB artwork shown in Figure 2 
looks very much like that published 


for the PICee system — which again is not 
surprising in view of the strong resemblance 
between the two ‘platforms’. The board is 
divided in two if you like by extension con- 
nector K2. The lower area comprises most of 
the electronics, the upper area, the LCD, 
LEDs and most of the switches. 

Here, too, we have succeeded in keeping 
the board single-sided which has a positive 
effect on the cost of the project. Of course, 
some wire links could not be avoided but 
their total number remains modest at just 15. 

Speaking of wire links, they should be the 
first ‘components’ to install when you start 
stuffing the board. Moreover, some of the wire 
links are in tricky places on the board. Two, 
for example, are located under thje socket for 
the processor (IC2), another under the socket 
for IC3 and two run worryingly close beside 
C8 and C9. Believe it or not, wire links are the 
most frequently forgotten items on otherwise 
neatly populated boards we receive from the 
odd reader complaining that his/her project 
fails to work despite ‘great efforts’ at build- 
ing it. 

The number of components to fit is mod- 
est given the size of the board, so stuffing the 
board is not likely to cause headaches or even 
fatigue. Of course, you should work carefully 
and fit everything in accordance with the 
parts list and the component overlay. 

If desired, jumpers may be used in lieu of 
toggle switches $1, 54, S8, S9 and $10. Actu- 
ally, a jumper is to be preferred over a switch 
in the case of 82. Integrated circuit s IC2, IC3 
and IC4 are preferably installed in sockets. 
The LCD may be plugged onto the board 
using SIL connectors and the heatsink for 
voltage regulator IC1 was already discussed. 

Do observe the polarity of the diode, the 
electrolytic capacitors and the LEDs, and run 
a visual inspection on the completed board 
before applying the supply voltage. 


Programming tools 


A vast amount of literature is now available 
for those of you who want to learn the pro- 
gramming techniques specific to the Atmel 
microcontroller family. The Internet is, of 
course, the biggest resource to start looking. 
Even a brief search should produce masses of 
applications, hardware, software and other 
useful stuff. Not surprisingly, the majority of 
technical universities and polytechnics these 
days offer at least a gateway to information 
on these Atmel controllers. 

A number of programming tools are 
downright essential if you want to develop 
your own programs. Among others we would 
recommend Atmels’s own AVR STUDIO 4 
(editor, assembler, simulator), as well as the 


15 





two programmers PonyProg2000 and datasheets as well as a vast number Once the source code of a program 


ICPROG. These programmers run under Win- of example programs (application (*.asm) has been written and con- 
dows 95/98/NT/2000/ME/XP and may be notes). Incidentally, using verted into machine code (*.hex), the 
picked up as freeware from Internet web- PonyProg2000 it is also possible to programming software may be used 
sites. Atmel’s own website provides all program PICs and EEPROMs. to blow the latter file into the micro- 
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Figure 2. The PCB design may also look familiar to insiders. The number of wire links on the single-sided board is just |5. 
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controller’s Flash memory. The Flash 
memory may be erased many times. 
Those of you who prefer higher pro- 
gramming languages will easily find 
several compilers on the Internet, 


including BASIC, C and Pascal. 

To download machine code to the 
board, connect it to the serial port 
(COM) of your PC and switch S1 to 
the ‘programming’ position. Once 


the program has been downloaded, $81 is 
switched back and the controller is reset by 
pressing S3. That’s all there is to it, no need 
to unplug the programming cable! 

(020351-1) 





3/2003 


DA eligi 
ae ei Be) 
en CMS 
PA CiN 
g C a) 


COMPONENTS LIST 


Resistors: 

RI,RI5-R29 = 1kQ5 
R2-R5 = 10kQ 
R6,RII,RI3,R14 = 4kQ7 
R7,R30,R31 = 470Q 
RIO = 330 

RI2 = 270Q 

PI = IMQ preset 

P2 = 10kQ preset 


Capacitors: 
Cl,C2,C3,C8-Cl | 
C4,C5 = 33pF 
C6 = 220uF 25V radial 
C7 = 47uF 16V radial 


= 100nF 


Semiconductors: 

DI = IN4001 

D2-D5 = IN4148 

D6 = LED, yellow 
D7-D10,D15-D21 = LED, green 
DI I-D14 = LED, red 


ICI = 7805 

IC2 = AT90S23 13 
IC3 = 74HCT 14 
IC4 = 74HCT125 
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Miscellaneous: 

KI = 2-way PCB terminal, lead pitch 
5mm 

K2 = DIN41612 socket (female), B 
model, (Conrad Electronics # 
741582) 

K3 = 9-way sub-D socket, angled 
pins, PCB mount 

K4 = |6-way SIL header 

S1,S2,S4,S8,S9,S10 = jumper or 
switch, Hartmann type SX254 
(Conrad Electronics # 708062) 

$3,S5,S6,S7 = miniature pushbutton 
(Conrad Electronics # 700460) 

XI = 4-10 MHz quartz crystal with 
socket (see text) 

Heatsink for ICI 

LCD, 2 x l6 characters, e.g., 
Displaytech 162 

PCB, order code 020351-1 (see 
Readers Services pages) 

Disk, example programs, order code 
020351-I1 or free download 
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Web links 


www.atmel.com/atmel/products/prod23.htm 


www.avr-asm-tutorial.net 


www.lancos.com/ 
www.ic-prog.com 


The authors/designers of this project 
may be contacted by email: 


RalfBehl@softhome.net 
AndreSchumacher@gmx.de 
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